
IOTA Nonlinear Integrable Optics Experiment: Landau Damping (NIOLD) 

PERSONNEL 

Nathan Eddy, PI, eddy@fnal.gov 

Sasha Valishev, co-PI 

Valeri Lebedev, co-PI 

Alexey Burov 

PURPOSE AND METHODS 

• Landau Damping provides damping mechanism via tune spread

• Octupoles provide a means to increase tune spread and increase the stable region via improved
Landau Damping

• Octupoles introduce dependence of betatron frequency on betatron amplitude

– Reduce dynamic aperture and lifetime

– Landau damping sensitive to tails of beam

– Can change chromaticity via feed-down effects

• This experiment is to study the effect of octupoles on instabilities produced by a transverse anti-
damper (positive feedback) system which is used to mimic transverse beam instabilities.

• Initial experiments in Run I showed improved stability with octupoles but with limited data.
Plan to improve statistics while improving experimental methods to collect data from all
available instruments including TBT bpms, syncLight, wcm, and dcct.

BEAM CONDITIONS 

• Need stored beam on nominal lattice, intensity >0.5mA

– Nominal bunch length and transverse beam size

• Need to vary octupole string currents

• Need working bpms, syncL, wcm, and dcct

• Collect as much statistics as possible while varying beam current and octupole currents
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APPARATUS 

• Experimental setup 

 

• Use horizontal button electrodes on E2L bpm with 32db RF pre-amplifier on each button 

• BPM analog module based upon RF envelope detector conditions fast doublet into longer pulse 
– provides 32db of programmable gain control 

• Implement 1 turn notch filter delay and phase delay with cable 

• Use one plate of the horizontal strip-line to kick beam 

• System improvements 

• Implement damper by simply swapping analog module for E2L 

• Ability to collect BPM turn-by-turn data  

• Matlab acquisition scripts to set gain and collect data (*.mat files) 

 

RUN PLAN 

• Experimental Data  

– Beam at nominal emittance - wait for beam to cool (~5min) or re-inject 

– Induce instability and collect TBT data 

– Repeat procedure with Octupoles powered – vary current 

– Repeat procedure with Non-linear magnet powered - vary strength (if possible) 

• Shift 1 (~4 hours) 

– Commission anti-damper (timing and phase) – 30 min 



– Commission Matlab data acquisition scripts – 30 min 

– Collect experimental data with remaining time – 5 data points at each setting 

• Analyze data for quality and anomalies 

• Shift 2 (~4 hours) 

Collect further data based upon analysis 

 

ANALYSIS OF DAMPER OPERATION 

In the transverse damper/anti-damper we use BE2L bpm for measurements of beam position and the 
horizontal kicker located shortly after injection Lambertson magnet. Twiss parameters at all BPMs and 
the involved optical elements are presented in the following Table. The damper electronics is located in 
the ESB building. That results in considerable delay in signal propagation leads that the signal is applied 
to the kicker 6 turns after the measurement. Note also that the damper uses a notch filter which 
effectively makes 7 turn delay to the kick after the first measurement.  

Table: Twiss parameters at the IOTA BPMs, damper kicker and RF cavity.  

 

In the first order of perturbation theory the damping rate of the damper is:  
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where  is the betatron tune, kp is the betatron phase advance from kicker to pickup, nd is the number 
of turns for the kick delay, and g is the gain of the damper. Large delay (nd = 6) results in that the 
damping/antidamping has narrow tune width. Figure 1 shows the dependence of damping rate on the 
tune. Large delay between picking up the signal and its application to the kicker makes damping highly 



sensitive to the machine tune. As one can see from the figure the damping changes its sign outside 
[0.269, 0.335] window. Therefore for the cases where we introduce large non-linearity of octupoles an 
increase of betatron amplitude results in large dependence of betatron tune and amplitude and 
reduction of antidamping with betatron amplitude.  

Large delay also limits maximum achievable damping rate. Numerical simulations show that for =0.3 
the system becomes unstable for g = 0.295 and the maximum damping rate of 0.11 per turn is achieved 
for g = 0.083. Note that in difference to damping an increase of antidamping gain results in antidamping 
at any gain (in the absence of Landau damping) but the antidamping rate is slower than predicted by Eq. 
(1) if the gain is above ~0.05 (g < -0.05)  

However, this dependence of the damping rate on the tune and the related limit on the octupole 
strength should not reduce the possibility of the experiment at the weak head tail regime, since the 
synchrotron tune is much smaller than the noted limit on the gain, 𝜈 ≪ 0.05 .     

Note also that large dispersion at the cavity location couples longitudinal and transverse motions. That 
results in that the damper noise excites not only horizontal motion but the longitudinal one as well. 
Numerical simulations support the phenomenon we found first experimentally.  

 

 

Figure 1: Dependence of damping rate of the horizontal tune for the damper in damping mode for the 
damper pickup BE2L.  

 

FUTURE BEAM PHYSICS GOAL 

In a longer run, the goal is to measure the stability diagram by means of the anti-damper with variable 
gain 𝑔 and phase 𝜙, as it was proposed by one of the participants and started recently to be studied at 
the LHC, https://arxiv.org/abs/2003.04383 . The diagram is suggested to be experimentally obtained as 
a set of threshold gains, measured for a sequence of phases and represented as 𝑔 𝑒  on the complex 
plain. This goal requires the damper which satisfies the following conditions:  



1. It sees only the entire dipole moment of the bunch 𝐷 = ∫ 𝜆(𝑠)𝑥(𝑠)𝑑𝑠, where 𝜆(𝑠) is the bunch 
line density as a function of the longitudinal coordinate 𝑠, and 𝑥(𝑠) is the transverse offset. The 
damper must be insensitive to the distribution of the dipole moment along the bunch.  

2. The damper must mostly kick the bunch as a whole, with negligible variations of the kicks along 
the bunch. 

For the beam, this experiment requires negligible chromaticity, so that the rms head-tail phase must be 

small enough, 𝜒 =
| |

 | |
≤ 0.05, where 𝜉 is the chromaticity, 𝜎  is the rms bunch length, 𝑅 = 𝐶/(2𝜋) is 

the average ring radius, and 𝜂 is the slippage factor. For typical IOTA parameters, with 𝜂 = 0.07 and 
𝜎 = 20cm, it requires the chromaticity |𝜉| ≤ 0.1 .  

As a first stage of this program, it is supposed to make that sort of measurements for a given phase of 
the anti-damper, to see what is the dependence of the threshold gain on the octupole strength for a 
given electron bunch, and then to see how this dependence vary with the bunch parameters, its current 
and emittances. It is crucial for this experiment to make such measurements for sufficiently small 
octupole strengths, to provide the weak head-tail conditions near the thresholds. In other words, the 
growth rate associated with the anti-damper only must be small compared with the synchrotron 
frequency. 

 

 

  

 




